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READER FOR RFID TRANSPONDERS AND CORRESPONDING METHOD 
FIELD OF INVENTION 

This invention refers to Radio Frequency Idaitification and more particularly 
5 to RFID methods and reader systems used to read transponders or radio ftequency 
id^tification Tags. 

BACKGROUND TO THE INVENTION 

Radio Frequency Identification (RFID) systems comprise a Reader otherwise 
known as an Interrogator or Scanner and a plurality of Tags also known as 
10 Transponders or Electronic Labels. Systems designed for low cost applications to 
idraitify or track items may use so called Passive Tags which rely on the transmitted 
energy field from reader to provide then: operating power and to provide a carrier 
signal on which they can use varying impedance modulation to signal their identity or 
to transmit their enorgy for reception by the reader. This form of modulation is 
1 5 commonly referred to as backscatter modulation. 

Passive Tags may optionally incorporate a battery to provide energy to power 
the circuits on the Tag but they rely on backscatter modulation to communicate their 
idmtity. These tags are called Battery assisted Passive Tags. RFID Tagging systems 
employing these types of tags to communicate over ranges of more than 1 metre are 
20 designed to operate in the UHF or microwave bands, typically at firequencies in the 
region of 433 MHz or 860 to 960MHz or 2.45 GHz. However these are not the only 
frequencies used for RFID systems. 

A variety of commimications protocols are used to enable the reading of 
multiple tags present in the operating field of the reader. These protocols are called 
25 arbitration protocols, also referred to as collision arbitration or anti-collision 
protocols. These protocols may use either Aloha hold-off and retry arbitration or tree 
walking or binary search protocols to arbitrate populations of tags present. The 
International Standard ISO/IEC FCD 18000 describes a number of such sj^tems in 
use at different operating frequencies. Tags may be attached to items examples of 
30 which are botdes of detergoit or chemicals, items of clothing, motor spares, 
electronic assemblies, cartons, plastic crates used in transporting perishable foods, 
pallets, toll cages or any other item one can imagine. 

Tags may also be embedded in consumer products or other items in order to 
provide life cycle tracking and management. The items to whidi tags are attached 
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a£fect flie radio frequency perfonnance of the tags or the direction from which tags 
can be read or the operating range of tags. In order to read tags in many situations the 
reader system must be configured as a portal reader in which individual reader 
antennas are mounted aroimd the portal in order to provide adequate signal levels to 
5 the tags or to permit the reception of the backscatter signal from tiie tags. The 
antennas in such a system may be switched or multiplexed to provide a wider angle of 
radiation or greater reader volume than is possible with a single antenna as described 
in US 6,367,697 Entitled "A Reader Arrangement for an Electronic Identification 
System Having a Plurality of Reader Heads for Energising Transponders" 
10 incorporated herein by reference. The antennas in such a system may also be 
combined such that all the antennas are energised simultaneously. 

In the multiplexed arrangement it is possible that a number of tags out of the 
plurality of tags in the reader field may not receive adequate illumination of RF 
energy from the reader, or that the tags are arranged such that they may be 
15 illuminated by the energising signal from the reader but are in a receive null and 
therefore their backscatter signal from the tag is not visible to the receiver in the 
reader. In the combined arrangement, all antennas radiate a signal from the reader and 
therefore could potentially provide a solid reading field. However due to reflections 
and phase differences at different points in the reading volume resulting from phase 
20 changes due to propagation from the multiple antennas, energy nulls may occur in the 
volume and therefore tags which are placed in these nulls may never be energised or 
may never be visible to the receiver in the reader. It has been observed that it is 
possible for tags to be energised but for the response signal to not be received by the 
receiver in the reader. 

25 Yet another problem with using a single reader with multiplexed multiple 

reader antennas results from the transmit power and receiver signal losses associated 
with the loss in the transmitter feedlines used to couple the reader to the antennas. In 
a typical 3 metre wide portal system, cables can be as long as 12 metres resulting in a 
power and signal loss of 6 dB or more depending on the characteristics of the feeder 

30 cable used. It is possible to reduce the loss in the cable by using coaxial cable having 
a larger cross sectional area, however these cables are diflBcult to install due to their 
large diameter and weight. They are also expensive and so do not provide a practical 
solution to the problem of cable loss. 
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OBJECT OF THE INVENTION 

It is the object of this invention to at least alleviate one or more of these 
disadvantages. 

SUMMARY OF THE INVENTION 
5 According to one aspect of the invention, there is provided an RFID reader 

system comprising one or more transceiver modules for communicating with a 
plurality of RFBD tags, a control unit having a reference frequency generator for 
providing a reference frequency to said one or more transceiver modules, a control 
bus comiecting the control unit to said one or more transceiver modules for 
1 0 communicating with said one or more transceiver modules and the control unit having 
a communications port allowing the control unit to communicate with an application 
host system. 

In a preferred embodiment the system comprises a plurality of transceiver 
modules, the control unit providing a common reference frequency to said transceiver 
IS modules. 

In one embodiment the system comprises a plurality of transceiver modules 
and the control unit can control at least one of the transceiver modules to read one or 
more of the plurality of tags. The transceiver modules can be arranged to transmit 
individually or in groups or simxiltaneously. Altematively, or in addition, the control 

20 unit can control each of the transcdver modules to be activated in rotation, or in a 
random or pseudo-random sequence to read one or more of the tags. 

In the system one or more, but not all, of the transceivers may be arranged to 
transmit an energising signal while one or more of the other transceivers have their 
receivers active to serve as diversity receivers. 

25 In one embodiment of the system, the frequency of at least one or more of the 

plurality of transceivers has its reference frequency olBfeet from the others thereby 
providing a low frequency beat note which can be adjusted to fall below the cut off 
frequency of the detector in the tags. 

According to another aspect of the invention, there is provided a method of 

30 reading tags, comprising the steps of providiag a plurality of transceiver modules 
with a common reference frequency, and controlling at least one of the transceiver 
modules to read one or more of flie plurality of tags. In one embodiment the method 
includes controlling tiie transceivers to transmit individually or in groups or 
simultaneously. Altematively, or in addition, the method may include the step of 
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controlling each of the transceiver modules to be activated in rotation, or in random 
or pseudo-random sequence to read one or more of the tags. 

The method may include one or more, but not all, of the transceivers 
transmitting an energising signal to the tags while one or more of the other 
5 transceivers have their receivers active to serve as diversity receivers. 

In another embodiment the method includes controlling the frequency of at 
least one or more of the plurality of transceivers to have its reference frequency of&et 
from the others thereby providing a low frequency beat note which can be adjusted to 
fall below the cut off frequency of the detector in the tags. 
10 Other embodiments of the method and systCTi of the invention are defined in 

the claims. 

DESCRIPTION OF THE INVENTION 

The invention will be described further, by way of examples, with reference to 
the accompanying drawings in which:- 
1 5 Figure 1 is a reader system known in the prior art 

Figure 2 is a block diagram of a reader system according to one embodiment 
of the invention and 

Figure 3 is a block diagram of a reader transceiver module according to an 
embodiment of the invention. 
20 A prior art system as illustrated in Figure 1. It has a reader 4 and a plurality of 

read heads or antemiae (1,2) activated in a time-multiplexed manner, by multiplexer 
(6), with a cycle time less than the reset times of the transponders or tags associated 
with the articles to be counted or identified. The reader is set up as a portal reader 
arrangement (not specifically shown) and the concept is to try and reduce errors when 
25 reading a lot of tags being scanned by the reader arrangement. However, as described 
above errors can still arise caused by nulls in the volume interrogated within the 
portal. 

Figure 2 is a reader system and apparatus according to one embodiment of the 
invention. It comprises a control unit (8) separate from one or more individual 
30 transceiver modules (10) which may or may not be attached to antennas (1, 2..'n'.). 
Each transceiver module(lO), shown in more detml in Figure 3, incorporates a 
frequency generator (20,22), a transmitter power amplifier (26), a modulator (24), a 
receiver (28) having one or more charmels, a data decoder (30) for each of the 
channels to demodulate or decode the received data stream and a communications 
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interface (32) lased to connect the module (10) to the control iinit (8), The transceiver 
modules (10) are described in more detail later with reference to Figure 3. 

The control Tinit (8) has an interface which is used to conoutnunicate with a host 
computer system by means of a serial intoiace, Ethernet or similar and an interface to 

5 match that used on the transceiver module which is used to control one or more 
transceiver modules(10). The control unit (8) also contains a frequency source which 
is used as a reference frequency for the one or more transceiver modules (10). 

The reader may be configured as a sin^e stand-alone reader or may be 
installed as a reader system having multiple antennas. 

10 The transceiver module (10) generates its operating frequency using a direct 

digital synthesiser (DDS) (20) or phase locked loop synthesiser (PPL) (22) which 
takes its reference from an externally provided reference frequency. The purpose of 
the extemal reference is to permit multiple transceiver modules (10) to transmit on 
exactly the same frequency. However, the transceiver module (10) may xise a 

15 fractional synthesiser to provide a controllable oflfeet from the nominal operating 
frequency. 

The control unit (8) provides the intelligence for determining how each 
transceiver (10) behaves and also provides an interface to the host system or 
application. 

20 The individual transceivers are installed such that they are placed in an 

arrangement where the radiation patterns of the individual antennas 1, 2 ..n overlap 
each other so providing continuous coverage of the desired reader volume. 

Each transceiver (10) may be turned on individually by the controller (8) so 
that each may work as a single stand-alone reader. Each transceiver (10) may also be 
25 turned on in sequence such that each antenna (1,2. ..n) covers a portion of the reader 
volume for a portion of the time. All transceivers may be turned on simultaneously so 
that the whole reader volume is covered at one time. 

The transceivers (10) may be arranged such that only one transceiver 
transmits an energising signal while one or more of the other transceivers have their 
30 receivers active and so are able to act as diversity receivers. 

The frequency of each of the plurality of transceivers (10) may have their 
reference frequaicy offset from the others such that there is a low frequency beat note 
which can be adjusted so that it falls below the cut ofiP frequency of the detector in the 
tags. By offsetting the frequency between transceivers (10) which transmit 
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simultaneously, the effect of the standing nulls may be reduced. In one embodiment 
this offset is achieved by adjusting the phase lock loop synthesis^: (22) reference 
frequency by means of a Direct Digital Synthesiser (20) under control of the control 
unit This arrangement is shown in Figure 3. 

5 Because each transceiver is connected directly to its own antenna, there are no 

cnminiinicatinns losses associated with antenna feed lines. All communications takes 
place over the data signal lines. 

In one embodiment of the system, a control xmit may be interconnected to an 
array of transceiver modules, each module being connected to its own antenna by a 

10 very short length of coaxial feed line. The frequency reference signal is fed to each of 
the transceivers by means of a low cost flexible coaxial cable (14) because the losses 
in the cable at tihie reference frequency is easily compensated for without affecting the 
final operating frequency or the reader transmitter output. The control vinit (8) 
communicates with all the transceiver modules (10) by way of the bi-directional bus 

15 (16). The array of transceivers in one embodiment can be arranged around a typical 
loading dock door measuring approximately 3 meters high by 3.5 metres wide. When 
pallets of items, each pallet may contain as many as 200 individual items tagged with 
RFID tags, is moved through the dock door, some items may be hidden from view 
with respect to one or more of the reader transceiver module antennas, howeva: 

20 because of the multiple antennas used on the reader, at least one of the pluraKty of 
transceiver module antennas will see each of tags, so that in combination all of the 
tags will be successfully read by the system. 

One problem encountered in existing systems is fliat a tag may be successftilly 
illimiinated and powered by the reader's energising field, the retum signal from the 

25 tag may occur in a null in the reader's receiver antenna system. The system described 
in this invention overcomes this problem, because the control unit may conamand all 
the transceivers to receive simultaneously but for only one transceiver to transmit. 
The transceivers which are in the receive only mode act as diversity receivers, a 
technique well know in the art of radio communications but hitherto a technique 

30 which has not been applied to RFID. The transceiver receivers all listen for the tag 
response signal but perhaps only two transceivers receive the signal. These 
transceivers process the signal, decode the data stream and pass this stream along to 
the control unit (8) over the bi-directional communications bus (16). The control unit 
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(8) will then select the best signal and after processing the data will pass this data 
along to the application via the application host interface. 

In another embodiment of the system, two or more transceiver modules (10) 
may be arranged facing each other on either side of a conveyor belt The Control Unit 
5 (8) commands both transcdver modules (10) to transmit simultaneously thereby 
creating a field between the transceiver antemias. As items pass through the field 
between the antennas, they are illuminated. Because two transceivers are transmitting 
simultaneously but on exactly the same firequency no beat note is generated between 
the transmitted carrier firequencies and therefore no deep modulation nulls occur in 
10 the field to interfere with the communication between the reader transceivers and the 
tags attached to the items moving along the conveyor. This technique has been found 
to considerably improve the reliability and probability of reading tags naLOving 
through a read zone. 

In yet another embodiment of the system, two transceiver module antennas are 
IS arrange at right angles to each other such that a cubic reading zone is created by the 
overlapping radiation fields of the two antennas. The transceiver modules (1 0) are 
caiised to transmit simultaneously thus creating a reader zone in which tags may be 
placed in any orientation and still be illuminated and read by at least one of the 
transceiver module antennas. 
20 In any of the embodiments, the transceiver modules (10) may be caused to 

adjust their output power level in order to change the operating or reading range of 
the module. The Control Unit (8) may also cause the radiated power levels firom 
individual reader modules (10) to be set differently in order to adjust the shape and 
phasing of the reading zone formed by an array of multiple reader transceiver 
25 modules (10). 

Each transceiver module 10 may contain, but is not limited to, one or more of 
the following components 

a firequency generating means which may be a direct digital 
synthesiser (DDS) (20), or a phase locked loop synthesiser (PLL) (22) or other 
30 method of generating a firequenc]/; 

A power amplifier (26) which boosts the basic signal to a level suitable 
for driving an antenna 

A modulator (24) to permit commands and data to be modulated on the 
transceiver transmitter carrier wave. 
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A transmitter/receiver combining means which may be a directional 
coiipler or circulator or a directly tapped delay line or other means 

A receiver mixer/detector (28) which converts the incoming signal to a 
baseband signal, the receiver (28) having separate "F and "Q" channels; 
5 - A decoder (30) which extracts the incoming data stream from the 

baseband signal 

A Bus control section circuit (32) which interfaces the individual 
circuits in the module to the commimications and control bus to allow the module to 
communicate with the separate control Unit. 
10 - An optional frequency tef erence source such as a temperature 

compensated oscillator which will allow the transceiver modiile to be used as a stand 
alone reader transceiver. 

An integral antenna 
An integral power supply unit. 
15 The reader Control Unit 8 may contain, but is not limited to, the following 

components 

A conamunications interface circuit to comonunicate with one or more 
transceiver modules 

A conamunications interface circuit to communicate with an 
20 application host which may use one of the many industry standard commmncations 
links for example RS232 or RS485 or Ethernet 

A Reference Frequency source which may be a temperature 
compensated oscillator or a simple crystal or a frequency locked source which may be 
locked to the 50/60Hz mains frequency, or a GPS receiver or an off air source such as 
25 television station or Time and Frequency standard transmission. 

A power supply unit 

A communications concentrator to permit a network of sinailar control 
units to be interconnected 

In various embodim^ts the multiple readers or transceivo: modules use the 
30 same frequency source and therefore may transnait simultaneously without the 
emitted transmissions causing int^erence patterns. The transceivers may liave their 
reference frequency offset, as precisely controlled ofi&ets can alleviate the standing 
null problem. In the prior art arrangements, in which different independent 
firequencies are sent to the reader heads, if one tried to use frequency offsets, the 
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desired offsets would be more difficult to precisely control due, for example, to drift 
from temperature and aging effects. 

In the above embodiments losses may be eliminated and there is provided an 
arrangement which is lower cost than if individual frill readers are used. As described 
5 above, advantageously each reader transceiver can act as a diversity receiver and the 
transceivers can be arranged to transmit individually or simultaneously. 
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